Abstract
3
Soil moisture can be measured at higher resolution using active SARs rather than passive 13 sensors. Recently there has been increasing interest in estimating soil moisture at local scales 14 using these sensors (Barrett et al., 2009 ). Two new active SARs suitable for catchment 15 hydrology studies should begin producing data this year. The first of the Sentinel-1 satellites was 16 launched in early 2014. Sentinel-1 is C-band, which will penetrate 1 -2 cm into the soil. which will penetrate ~5 cm into the soil (Kerr et al., 2001 ). It is a combined low resolution 1 radiometer and high resolution SAR, which should give 4% soil moisture accuracy in its 9km 2 resolution product. There is also a radar-only 3km product which will be less accurate. However, 3 possibly this will not be high enough spatial resolution for catchment-scale hydrology studies. is that the time interval between successive scene acquisitions can be irregular in many areas. For 15 example, in the data set used in this study, there were on average two scenes per month, but in 16 several months there were no useable scenes at all.
18
There appears to be scant information in the literature relating to the use of high resolution SAR 19 soil moisture measurement to improve rainfall-runoff estimation. Previous soil moisture studies 20 using high resolution SAR have been aimed mainly at estimating surface soil moisture content Early work to detect a topographic signal in soil moisture used airborne and ground 
16
This showed the top of the watershed drying out quicker than the floodplain. Roberts and Crane
17
(1997), using ground measurements, also showed that an area on a sloping hillside dried out 18 faster than the valley bottom below.
20
The object of this paper is to detect whether a topographic signal can be seen in high resolution 21 remotely sensed soil moisture data. Such a signal may be useful information for a hydrologic 22 model to be able to account for spatial heterogeneity in hydrological processes in relation to 23 8 flood-producing rainfall-runoff events (e.g. Roberts and Crane 1997). The paper is an 1 observational study, and contains no modelling. A subsequent paper will investigate whether the 2 assimilation of these data into a hydrologic model is able to improve runoff prediction. The area considered in this study covered the catchments of the Severn and Avon rivers in the 15 16 The ASAR WS processing chain is shown in fig. 2 , and the most important steps are described 2) Incidence angle normalisation. A local incidence angle normalisation is applied for the 13 improved grassland land cover class. Here W min was set to the wilting level and W max to the field capacity for clay soil. square, the mean relative SSMC of improved grassland pixels in the low slope and higher slope 21 classes was determined. Only 10km squares that contained 700 or more improved grassland pixels in each class were considered. There were about 50 such squares. Observed rainfall data 1 from rain gauges was interpolated over the whole area to each 10km square using block kriging. Table 1 . Regressions of the difference between the mean relative SSMCs on low and higher slopes (low 3 slope mean -higher slope mean) versus the mean relative SSMC on low slopes (a) for a second-order 4 polynomial (y = a + bx + cx 2 ) for all 10km squares for all images, (b) for a linear regression (y = a + bx) 5 for all 10km squares for all images, and (c) for a second-order polynomial for a rainfall scenario in which 6 either <1mm of rain fell on the day of the acquisition and > 3mm fell on the previous day, or <1mm of 7 rain fell on the acquisition day and the previous day and >3mm fell on the day before that. 8
ASAR WS processing chain

9
From the plot it can be seen that (a) when SSMC L approaches 100%, there is little difference 10 between the mean relative SSMC of the low and higher slopes, (b) when SSMC L is 30 -90%, the 11 higher slopes are slightly drier than the low slopes (from regression R1, a maximum of about 12 1.6% at an SSMC L of 60%), and (c) when SSMC L is low, the low slopes become slightly drier 13 (about 2% maximum) than the higher slopes. dates. It contains samples that occurred during or immediately after rainfall, when it might be 17 expected that the relative SSMC of low slopes near rivers might be the same as that of higher 21 slopes. Fig. 7 shows a similar plot for 10km squares during a drying phase when it is known that 1 rainfall occurred a day or two previously. The samples in the plot are ones for which either (a) 2 <1mm of rain fell on the day of the acquisition and > 3mm fell on the previous day, or (b) <1mm 3 of rain fell on the acquisition day and the previous day and >3mm fell on the day before that. A 4 second-order polynomial has been fitted to the data, with coefficients given in table 1 (identifier 5 R3). The first and second-order coefficients are again significantly non-zero, and the R 2 value of 6 0.212 explains more variance than the polynomial fit for Fig. 6 . Fig. 7 shows that, when SSMC L 7 is 35-70%, the higher slopes are drier than the low slopes to a greater extent than in Fig. 6 , with 8 the mean relative SSMC difference achieving a maximum of about 2.8% at an SSMC L of 70%. because it is the latter that will be assimilated into a hydrologic model. in m s (t i ) should result in changes in SWI, though these may be damped by the averaging process.
10
It could be argued that it is unnecessary to validate the remote sensing soil moisture content The mean relative SSMC from improved grassland pixels on low slopes near rivers was 3 compared to that from similar pixels on higher slopes not necessarily near rivers. The than the low slopes,
(c) when the mean relative SSMC is low, the low slopes become slightly drier than the higher This is evidence that a topographic signal can be seen in high resolution remotely sensed surface 21 soil moisture data, which may be useful information for a hydrologic model to be able to account
22
for spatial heterogeneity in hydrological processes. Unfortunately this signal is relatively weak.
However, a further advantage of using ASAR WS data for measuring soil moisture for 1 assimilation into a hydrologic model is their high spatial resolution, which, when combined with 2 a land cover map, allows soil moisture to be measured over single homogeneous pixels. This resolution soil moisture data for regions of homogeneous land cover from Sentinel-1 if required.
11
In this study the SSMC from improved grassland pixels on low slopes near rivers was compared 12 to that on higher slopes not necessarily near rivers. This approach was followed because it Zribi, M., Kotti, F., Amri, R., Wagner, W., Shabou, M., Lili-Chabaane, Z, Baghdadi, N. 2014.
